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Mechanical propertiesIn situ synthesis of aluminum matrix composites (AMCs) has become a popular method due to several
advantages over conventional stir casting method. In the present study, AA7075/ZrB2 AMCs reinforced
with various content of ZrB2 particulates (0, 3, 6, 9 and 12 wt.%) were synthesized by the in situ reaction
of molten aluminum with inorganic salts K2ZrF6 and KBF4. The composites were characterized using XRD,
OM, SEM, EBSD and TEM. The XRD patterns revealed the formation of ZrB2 particulates without the pres-
ence of any other compounds. The formation of ZrB2 particulates refined the grains of aluminum matrix
extensively. Most of the ZrB2 particulates were located near the grain boundaries. The ZrB2 particulates
exhibited various morphologies including spherical, cylindrical and hexagonal shapes. The size of the
ZrB2 particulates was in the order of nano, sub micron and micron level. A good interfacial bonding
was observed between the aluminum matrix and the ZrB2 particulates. The in situ formed ZrB2 particu-
lates enhanced the mechanical properties such as microhardness and the ultimate tensile strength.
Various strengthening mechanisms were identified.
 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Aluminummatrix composites (AMCs) are produced by reinforc-
ing various ceramic particulates into different grades of aluminum
alloys. AMCs have made considerable impact in the materials arena
due to their desirable properties which include high strength to
weight ratio, high wear resistance, low thermal expansion etc.
AMCs are eventually phasing out conventional aluminum alloys
in several products in aerospace, automotive, nuclear and marine
industries [1–3]. Silicon carbide (SiC) and alumina (Al2O3) particu-
lates were considered as reinforcement phase over a longer period
since the induction of AMCs into materials world [4]. The progress
in production techniques enabled researchers to produce AMCs
reinforced with various carbides, oxides, borides, nitrides and
industrial waste residues [5–9]. Zirconium diboride (ZrB2) particu-
late is a good choice for reinforcing AMCs owing to high melting
point, high hardness, chemical inertness, high wear resistance,
superior thermal and electrical conductivity [10,11].AMCs are produced using various solid state and liquid metal-
lurgy routes. Every method cannot be employed to produce every
combination of AMCs. The choice of production method is predom-
inantly limited by the size and other properties of reinforcement
particulates. Liquid metallurgy routes are widely favored to pro-
duce AMCs because of simplicity, ease of adoption, cost effective-
ness and applicability to mass production [12]. The ceramic
particulates are either externally added to the molten aluminum
(ex-situ) or internally synthesized within the molten aluminum
(in-situ) in liquid metallurgy routes. Stir casting is the most popu-
lar ex-situ method wherein the reinforcement particulates are
added at the periphery of the vortex generated in the molten alu-
minum by a mechanical impeller [13]. The major setbacks of stir
casting are poor wettability of ceramic particulates, possible inter-
facial reactions between molten aluminum and ceramic particu-
lates and presence of porosity [14]. In-situ production of AMCs
consists of chemical reactions between elements or between ele-
ments and compounds. The inherent merits of in situ production
method are generation of fine size of ceramic particulates, good
interfacial bonding between the aluminummatrix and the ceramic
particulates, homogeneous distribution of ceramic particulates in
the aluminum matrix, thermodynamically stable particulates and
economy of processing [15,16]. The feasibility of the in-situ processtensile
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Al2O3 [17], TiC [18], TiB2 [19], ZrB2 [20] and AlN [21] particulates.
Some studies on aluminum alloys reinforced in situ formed ZrB2
particulates were reported in the literatures [22–29]. Zhang et al.
[22] produced A356/ZrB2 AMCs using in situ reaction between
K2ZrF6 and KBF4 and observed a considerable improvement in wear
resistance of the composite due to the formation of ZrB2 particu-
lates. Kumar et al. [23] prepared AA6351/ZrB2 AMCs by the reac-
tion of K2ZrF6 and KBF4 with molten aluminum alloy and
reported a detailed study on the sliding wear behavior of the com-
posite at room temperature. Dinaharan et al. [24] synthesized
AA6061/ZrB2 AMCs by direct melt synthesis of K2ZrF6 and KBF4
and elaborated the strengthening mechanisms of the composite.
Tian et al. [25] fabricated AA2024/ZrB2 AMCs by direct melt reac-
tion of K2ZrF6 and KBF4 and showed that the nano size ZrB2 partic-
ulates enhanced the ductility of the composite. Kumar et al. [26]
developed AA5052/ZrB2 by in-situ reaction of K2ZrF6 and KBF4
and studied the role of ZrB2 particulates on grain size and mechan-
ical properties. Kai et al. [27] applied ultrasonic vibration to dis-
perse the nano size ZrB2 particulates to obtain high strength
AA2024/ZrB2 AMCs. Kumar et al. [28] correlated the microstructure
and friction and wear properties of AA5052/ZrB2 AMCs. Yang et al.
[29] fabricated AA6061/ZrB2 hierarchical nano composites by
direct melt reaction between halide salts KBF4 and K2ZrF6 and
reported two level microstructures.
In this work, an attempt is made to synthesize aluminum alloy
AA7075 reinforced with ZrB2 particulates by the in situ reaction of
K2ZrF6 and KBF4 salts to molten aluminum and study the formation
of ZrB2 particulates and its effect on microstructure and mechani-
cal properties. Aluminum alloy AA7075 was chosen as the matrix
alloy. Aluminum alloy AA7075 (Al–Zn–Mg–Cu) is one of the stron-
gest aluminum alloys for industrial use today due to high strength
to weight ratio and natural aging characteristics. This alloy derives
its strength from precipitation of g (MgZn2) and T (Al2Mg3Zn3)
phases [30].2. Experimental procedure
AA7075 rods (1500 g) were kept inside a graphite crucible and
was heated using an electrical furnace. The chemical composition
of as-received AA7075 aluminum alloy is furnished in Table 1.
The composition was analyzed using optical emission spectrome-
try. A coating (WOLFRAKOAT) was applied inside the crucible to
avoid contamination. The measured quantities of inorganic salts
K2ZrF6 and KBF4 as given in Table 2 were wrapped in aluminum
foils and incorporated into the molten aluminum to form ZrB2 par-
ticulates. The temperature of the molten aluminum was main-
tained at 850 C. The melt was stirred intermittently for 40 min.
Afterwards, the molten aluminum was poured into a preheated
die. The dross was removed prior to pouring. Castings were taken
with various content of (0, 3, 6, 9 and 12 wt.%) of ZrB2 particulates.Table 1
Chemical composition of AA7075 aluminum alloy.
Element Si Fe Cu Mn Mg
wt.% 0.10 0.23 1.48 0.07 2.11
Table 2
The amount of salts in grams added to molten aluminum.
ZrB2 (wt.%) 0 3
K2ZrF6 0 77.68
KBF4 0 82.82
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behavior of AA7075 aluminum matrix composites, Eng. Sci. Tech., Int. J. (2016Specimens were machined from the castings to perform
microstructure and mechanical characterization. The specimens
were polished following standard metallographic procedure (220
grit SiC paper to 1200 grit SiC paper and fine polished with dia-
mond suspension of size 9 lm, 5 lm and 1 lm) and etched with
Keller’s reagent. The etched specimens were examined using opti-
cal microscope, scanning electron microscope (SEM), electron back
scattered diagram (EBSD) and transmission electron microscopy
(TEM). The excitation voltage of SEM and TEM were respectively
30 kV and 500 kV. Selected samples were electro polished using a
mixture of perchloric acid and methanol to observe micro texture
using EBSD. X-ray diffraction patterns (XRD) were recorded using
Panalytical X-ray diffractometer. A portion of AA7075/12 wt.%
ZrB2 casting was dissolved in 35% HCl solution and ZrB2 particu-
lates were filtered out. The extracted ZrB2 particulates were
observed using SEM. The microhardness was recorded using a
microhardness tester at 500 g load applied for 15 s. Care was taken
to avoid indenting directly on particles. The hardness was further
measured using a Brinell hardness tester at 500 kg load applied
for 15 s. The tensile specimens were prepared as per ASTM E8 M-
04 standard having a gauge length of 40 mm, a gauge width of
7 mm and a thickness of 6 mm. The ultimate tensile strength
(UTS) was measured using a computerized universal testing
machine (HITECH TUE-C-1000) at a cross head speed of 1 mm/s.
The fracture surfaces of the failed tensile specimens were observed
using SEM.
3. Results and discussions
3.1. Formation of AA7075/ZrB2 AMCs
The XRD patterns of the synthesized AA7075/ZrB2 AMCs are
depicted in Fig. 1. The XRD patterns confirm the successful forma-
tion of the composite. The diffraction peaks which belong to ZrB2
particulates are distinctly visible. The height of ZrB2 peaks grows
as the content of ZrB2 is increased. The chemical reactions which
take place between the molten aluminum and the inorganic salts
K2ZrF6 and KBF4 produces ZrB2 particulates. The formation of the
ZrB2 phase budges the peaks of aluminum towards higher 2h.
3K2ZrF6 þ 13Al! 3Al3Zrþ 4AlF3 þ 6KF ð1Þ
2KBF4 þ 3Al! AlB2 þ 2AlF3 þ 2KF ð2Þ
Al3Zrþ AlB2 ! ZrB2 þ 4Al ð3Þ
The order of formation of ZrB2 particulates is summed up as
given below [31,32].
 The addition of K2ZrF6 and KBF4 to molten aluminum respec-
tively generates intermetallic compounds Al3Zr and AlB2. Those
compounds are sources for Zr and B atoms.Cr Ni Zn Ti Zr Al
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Fig. 1. XRD patterns of AA7075/ZrB2 in situ composites containing ZrB2: (a) 0 wt.%, (b) 3 wt.%, (c) 6 wt.%, (d) 9 wt.% and (e) 12 wt.%.
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 Reactions are initiated and continue between Zr and B atoms to
synthesize ZrB2. The gaps in the surface of Al3Zr lay the platform
for this reaction.
 The smaller size of boron atoms helps it to diffuse through ZrB2
particulates.
 The formation of ZrB2 particulates is increased due to the disin-
tegration of Al3Zr particulates by fragmentation and natural
cracking.
 The ZrB2 particulates are fully formed after the reaction is
completed.
The diffraction peaks of Al3Zr and AlB2 are absent in Fig. 1 which
confirm that the in situ reaction is complete. The two major factors
which influence the reaction are the mole ratio of inorganic salts
and the holding time [15]. The complete reaction can be attributed
to adequate holding time and mole ratio. The local melt tempera-
ture was observed to increase beyond 920 C due to exothermic
nature of the reaction. KBF4 decomposes into KF and BF3 gas andPlease cite this article in press as: J. David Raja Selvam, I. Dinaharan, In situ form
behavior of AA7075 aluminum matrix composites, Eng. Sci. Tech., Int. J. (2016is responsible for the loss of boron atoms at elevated temperature.
Lack of boron atom will result reaction (3) incomplete. The rein-
forcement phase in the composite will be a mixture of brittle Al3Zr
and ZrB2 particulates [33]. Hence, the inorganic salt KBF4 was
added few percentages above the theoretical mole ratio required.
3.2. Microstructure of AA7075/ZrB2 AMCs
Fig. 2 reveals the SEM micrographs of the AA7075/ZrB2 AMCs.
Typical casting defects including porosity and slag are not present
in the micrographs which are indicative of the casting quality.
Table 3 presents the percentage of porosity quantitatively. The
increase in porosity with increase in ZrB2 content can be correlated
to increased amount of gases produced by in situ reaction. The dis-
persion of in situ formed ZrB2 particulates are seen all over the alu-
minum matrix. The dispersion can be considered fairy
homogeneous. The dispersion of ZrB2 particulates is the direct
result of the solidification which followed immediately after pour-
ing the melt into the die. The final dispersion depends on threeation of ZrB2 particulates and their influence on microstructure and tensile
), http://dx.doi.org/10.1016/j.jestch.2016.09.006
Fig. 2. SEM micrographs of AA7075/ZrB2 in situ composites containing ZrB2: (a) 3 wt.%, (b) 6 wt.%, (c) 9 wt.% and (d) 12 wt.%.
Table 3
Porosity analysis
ZrB2 (wt.%) 0 3 6 9 12
Theoretical density* (kg/m3) 2800 2847 2897 2949 3006
Measured density** (kg/m3) 2750 2770 2813 2846 2880
Porosity (%) 1.8 2.7 2.9 3.5 4.2
* Using rule of mixtures.
** Using Archimedean method.
4 J. David Raja Selvam, I. Dinaharan / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxxstages: (a) dispersion of particulates within the molten aluminum;
(b) dispersion during pouring and (c) dispersion during solidifica-
tion. A good dispersion of ZrB2 particulates in the initial stage
within the molten aluminum is crucial to obtain the desirable dis-
persion after solidification. The density gradient between the alu-
minum and the ZrB2 particulates is a key factor dictating the
suspension behavior within the molten aluminum. The density of
ceramic reinforcement phases is generally higher to that of alu-
minum which initiates sinking of particulates towards the bottom
of the crucible. Therefore, suspension of particulates within thePlease cite this article in press as: J. David Raja Selvam, I. Dinaharan, In situ form
behavior of AA7075 aluminum matrix composites, Eng. Sci. Tech., Int. J. (2016molten aluminum for a longer duration is essential to obtain
homogeneous dispersion. Han et al. [34] reported that if the den-
sity gradient is in excess of 2 g/cm3, the ceramic particulate can
suspend for a long time within the molten aluminum. Since the
density gradient in this work is more than 2 g/cm3, the rate of sink-
ing of ZrB2 particulates is insignificant. Hence, in situ formed ZrB2
particulates can suspend in the molten aluminum for longer time.
The molten aluminum begins to wet the ZrB2 particulates immedi-
ately after the formation of particulates by in situ reaction. The
wetting action helps to restrict the free motion of ZrB2 particulates.ation of ZrB2 particulates and their influence on microstructure and tensile
), http://dx.doi.org/10.1016/j.jestch.2016.09.006
J. David Raja Selvam, I. Dinaharan / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxx 5The exothermic reaction may induce boiling in the molten
aluminum. The boiling helps to stir the slurry and contribute to
release reaction gas from the aluminum melt [35]. This action
disperses the cluster of particulates. The aforesaid factors con-
tribute to better dispersion of ZrB2 particulates in the aluminum
matrix.
Cluster of ZrB2 particulates are noticed in few locations in
Fig. 2c and d. The behavior of clusters formed during in situ reac-
tion is different to those clusters usually present in ex situ compos-
ites. When particles are added externally, clusters are formed due
to several factors including poor wettability, insufficient stirring
and density variation between the aluminum alloy and ceramic
particle. Moreover, local melt temperature drops as particles are
added externally. The bonding between particles in clusters is
weak which results in poor mechanical properties [14]. But parti-
cles in clusters formed by in situ reaction exhibit good bonding.
The exothermal in situ reaction creates good bonding between par-
ticles in clusters.
It is further evident in Fig. 2 that the majority of the ZrB2 partic-
ulates are observed near grain boundaries. Few particulates are
located within grains. The dispersion is predominantly intergranu-
lar. The solidification phenomenon causes the motion of ZrB2 par-
ticulates subsequent to pouring. The convection current within the
molten aluminum, motion of the solidification front against partic-
ulates and buoyant motion of particulates affect the final disper-
sion [36]. The velocity of the solidification front dictates the
dispersion to be either intra granular or inter granular. The partic-
ulates are pushed by the solidification front if the velocity is lower
than the critical velocity of the solidification front and vice versa.
Pushing results in intergranular dispersion while engulfing pro-
duces intra granular dispersion. The critical velocity of the solidifi-
cation front is a function of the temperature gradient and the
particulate size. The intergranular dispersion of ZrB2 particulates
provides an inference that the particulates were pushed by the
solidification front during solidification.
Fig. 3 shows the optical photomicrographs of as cast AA7075
and AA7075/12 wt.% ZrB2 AMC. The microstructure of as cast
AA7075 displays a typical dendritic structure as a result of solidifi-
cation. The dendritic structure is formed due to high cooling rate. It
is characterized with extended primary a–Al dendritic arms which
have high aspect ratio. Intermetallic phases of Al–Zn–Mg system
such as MgZn2, MgZn, AlZn, Al2CuMg and Al2Mg3 etc. are formed
around the dendritic structure. This can be attributed to the exces-
sive percentage of Zn and Mg present in AA7075 aluminum alloy
above the solubility limit. The dendritic structure is completely
absent in the microstructure of the composite (Fig. 3b). The forma-
tion of ZrB2 particulates refined the dendritic structure and estab-
lished a grainy structure. The EBSDmaps (Fig. 4a–e) of the AA7075/Fig. 3. Optical micrographs of AA7075/ZrB2 in situ comp
Please cite this article in press as: J. David Raja Selvam, I. Dinaharan, In situ form
behavior of AA7075 aluminum matrix composites, Eng. Sci. Tech., Int. J. (2016ZrB2 AMCs confirm the refinement of microstructure and existence
of grainy structure. ZrB2 particulates act as grain refiners and
refined the grains of the composite. The effect of ZrB2 particulate
content on the average grain size is shown in Fig. 4f. The grain size
is refined further as the content of ZrB2 particulates is increased.
The mechanism of grain refinement can be explained as follows.
The formation of in situ formed ZrB2 particulates offers resistance
to the freely growing a–Al grains during solidification. The ZrB2
particulates have the potential to act as nucleus for new grains
and the aluminum grains solidify on the particulates [26,34]. The
microstructure of the composite appears as islands of soft alu-
minum grains bounded by hard ZrB2 particulates. The number of
ZrB2 particulates increases as the content of ZrB2 particulates is
increased. The increase in the ZrB2 particulates provides more
grain nucleation sites because of constitutional under cooling zone
in front of the particulates. The growth of previous grains is effec-
tively restricted. The reduction in grain size is not linear with an
increase in the content of ZrB2 particulates (Fig. 4f). This can be
attributed to the reaction kinetics and the size of ZrB2 particulates.
The slope of the grain size curve is high initially and maintains
steady state and reduces again. Kumar et al. [23] observed an
increase in average size of ZrB2 particulates with an increase in
content (3, 6 and 9 wt.%). He attributed the coarsening of particu-
lates due to high reaction rate. Since the reaction time was kept
constant for all castings, the variation in reaction rate occurs lead-
ing to the formation of different size ZrB2 particulates. This could
be the possible cause for the variation in the slope.
The TEM micrographs of the AA7075/12 wt.% ZrB2 AMC is
shown in Fig. 5. A sub micron particulate is seen in Fig. 5a. The par-
ticulate has smooth edges without sharp corners. It is interesting to
observe the interface between the ZrB2 particulate and the alu-
minum matrix. The interface is plain and continuous without the
presence of micro pores. There are no undesirable reaction prod-
ucts at the interface. These characteristics of the interface indicate
that the ZrB2 particulates are well bonded to the aluminummatrix.
A good interfacial bonding is a prerequisite to attain higher
mechanical and tribological properties despite homogenous distri-
bution. A weak interface easily dislodges the particulate and
reduces the load bearing capacity of the composite. The plain inter-
face is a typical characteristic of the in situ process [15]. The partic-
ulates are synthesized within the molten aluminum by the in situ
reaction. The particulates are not exposed to the atmosphere
directly. Therefore, particulates are eventually exhibit pure oxide
free surfaces which provide better interfacial bonding. The absence
of oxidized surface helps to reduce the wetting angle between the
aluminum and the ZrB2 particulate and provides enhanced wetta-
bility and interfacial integrity [36]. The local raise in the molten
aluminum temperature due to the exothermic nature of theosites containing ZrB2: (a) 0 wt.%, and (d) 12 wt.%.
ation of ZrB2 particulates and their influence on microstructure and tensile
), http://dx.doi.org/10.1016/j.jestch.2016.09.006
Fig. 4. EBSD (IPF+grain boundary) map of AA7075/ZrB2 in situ composites containing ZrB2: (a) 0 wt.%, (b) 3 wt.%, (c) 6 wt.%, (d) 9 wt.% and (e) 12 wt.% and (f) effect of ZrB2
content on grain size.
6 J. David Raja Selvam, I. Dinaharan / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxxreaction further ensures good wettability. Absence of reaction
products at the interface confirms that the in situ formed ZrB2 par-
ticulates were thermodynamically stable with the molten alu-Please cite this article in press as: J. David Raja Selvam, I. Dinaharan, In situ form
behavior of AA7075 aluminum matrix composites, Eng. Sci. Tech., Int. J. (2016minum. The integrity of the particulate is preserved during the
whole process. This is a commonly encountered setback in stir
casting. The reinforcement particulates tend to react with theation of ZrB2 particulates and their influence on microstructure and tensile
), http://dx.doi.org/10.1016/j.jestch.2016.09.006
Fig. 5. TEM micrographs of AA7075/12 wt.% ZrB2 in situ composites showing: (a) single particles, (b) dispersion of nano particles, (c) and (d) dislocation density and (e)
diffraction pattern of ZrB2 particulates.
J. David Raja Selvam, I. Dinaharan / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxx 7molten aluminum and produce undesirable intermetallics which
are usually accumulated at the particulate matrix interface
[37,38]. The reaction products at the interface inhibit the loadPlease cite this article in press as: J. David Raja Selvam, I. Dinaharan, In situ form
behavior of AA7075 aluminum matrix composites, Eng. Sci. Tech., Int. J. (2016transfer. Several nano ZrB2 particulates are observed in Fig. 5b.
The formation of nano particulates can be attributed to the
following two causes. The growth kinetics of the ZrB2 particulatesation of ZrB2 particulates and their influence on microstructure and tensile
), http://dx.doi.org/10.1016/j.jestch.2016.09.006
Fig. 7. Effect of ZrB2 content on: (a) microhardness; (b) Brinell hardness; (c) stress–
strain graph of AA7075/ZrB2 in situ composites.
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micron and nano level. Secondly, the presence of nano level partic-
ulates indicates that the nucleation rate is higher compared to the
growth rate of particulates. Lohar et al. [39] found that the addition
of Mg to the molten aluminum accelerates the nucleation rate of
in situ particulates by lowering the interfacial energy. It is evident
from the chemical composition provided in Table 1 that Mg is pre-
sent in theAA7075 aluminumalloy. Thepresence of the alloying ele-
ment Mg enables to increase the nucleation rate and deter the
growthof ZrB2 particulates. Largenumber of highdense dislocations
is noticed around ZrB2 particulates and in the aluminum matrix in
Fig. 5c and d. The coefficients of thermal expansion (CTE) of alu-
minum matrix and the ZrB2 particulate are having large variation
(CTE of ZrB2: 6.88  106 K1, CTE of Al matrix: 23.80  106 K1).
This creates a thermal mismatch during solidification which forms
large number of dislocations. The calibration result of the diffraction
ring of ZrB2 particulates is shown in Fig. 5e which indicates that the
ZrB2 is a close-packed hexagonal structure.
Fig. 6 reveals the SEM micrographs of the extracted ZrB2 partic-
ulates from the casting of AA7075/12 wt.% ZrB2 AMC. ZrB2 particu-
lates displaying various shapes and sizes are seen. Majority of
the particulates falls into sub micron and nano levels. The shape
of the ZrB2 particulates includes spherical, cylindrical and hexago-
nal. The shape of the reinforcement has a significant role on the
properties of AMCs. Equiaxed or quasi equiaxed nano or micro par-
ticulates which profit from the desired symmetry and shape are
most favorable reinforcing phases for in situ cast composites.
Zhang et al. [22] and Kumar et al. [23] reported spherical shape
ZrB2 particulates. Tian et al. [25] and Kumar et al. [26] found rect-
angular and hexagonal shape ZrB2 particulates. The in situ reaction
produces a column like particulates initially. The discrepancy in
the shape can be ascribed to the subsequent fracture of the column
during in situ reaction. Sun et al. [40] found that the alloying ele-
ments in the aluminum alloys support the formation of particular
shape for in situ particulates. The alloying element may favor or
inhibit the growth of the particulates along particular planes of
the crystal. Chen et al. [41] mentioned that the reaction tempera-
ture influences the shape of in situ particulates. A future study is
essential to gain more insight into the shape of ZrB2 particulates
via Al–K2ZrF6–KBF4 system.
3.3. Mechanical properties of AA7075/ZrB2 AMCs
Figs. 7a–c present the effect of ZrB2 particulate content on hard-
ness and stress–strain graph of AA7075/ZrB2 AMCs. The in situ
formed ZrB2 particulates remarkably improved the mechanical
properties of the composite. The microhardness is found to be
64 HV at 0 wt.% and 146 HV at 12 wt.%. Brinell hardness is foundFig. 6. (a) and (b) SEM micrographs of extracted ZrB2
Please cite this article in press as: J. David Raja Selvam, I. Dinaharan, In situ form
behavior of AA7075 aluminum matrix composites, Eng. Sci. Tech., Int. J. (2016to be 58.1 HB at 0 wt.%and 140 HB at 12 wt.%. The UTS is
149 MPa at 0 wt.% and 286 MPa at 12 wt.%. The possible strength-
ening mechanisms are summarized below.
 The creation of strain fields around the particulates and in the
aluminummatrix offers resistance to the free movement of dis-
locations during loading.
 The grain refinement provided by the ZrB2 particulates
strengthens the composite according to Hall–Petch relationship.
 The fine dispersion of ZrB2 particulates in the aluminum matrix
invokes orowan strengthening. The sub micron and nano level
ZrB2 particulates impede the motion of dislocations throughout
the lattice [42].
 The plain and clear interface effectively transfers applied load to
the ZrB2 particulates. The good interfacial bonding resists the
easy detachment of particulates.
The effect of above discussed mechanisms increase as the con-
tent of ZrB2 particulates is increased. Therefore, the microhardnessparticulates from AA7075/12 wt.% ZrB2 casting.
ation of ZrB2 particulates and their influence on microstructure and tensile
), http://dx.doi.org/10.1016/j.jestch.2016.09.006
Fig. 8. Fracture morphology of AA7075/ZrB2 in situ composites containing ZrB2: (a) 0 wt.%, (b) 6 wt.% and (c) 12 wt.%.
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lates. However, the slope of the curve is not constant. This can be
attributed to the variation in the size and morphology of ZrB2 par-
ticulates. The percentage elongation of the developed composites
is evident in Fig. 7c. The elongation of the AMCs drops when ZrB2
particle weight percentage is increased. The grain refinement and
reduction of ductile matrix content with increase in the weight
percentage of ZrB2 particles are increased which results in the
reduction in the ductility of the AMCs.
Fig. 8 reveals the fracture morphology of AA7075/ZrB2 AMCs at
selected content of ZrB2 particulates. The fracture surface of the
aluminum alloy AA7075 is covered with numerous voids dis-
tributed evenly. The presence of deep voids indicates that the frac-
ture mode was ductile. The network of large number of voids is
reduced in the fracture surface of the composites (Fig. 8b and c).
The size of the voids is smaller compared to unreinforced alu-
minum alloy. The reduction in the size of the voids can be attribu-
ted to the grain refinement by the ZrB2 particulates. The existence
of ductile shear bands in the fracture surface shows that the ductil-
ity is retained in the composite to a certain limit. These features
points out that the fracture was brittle macroscopically and ductile
microscopically. A large number of fractured ZrB2 particulates are
also visible on the fracture surface which confirms good interfacial
bonding.
4. Conclusions
The following conclusions are derived from the present work.
 AA7075/ZrB2 AMCs containing various content (0, 3, 6, 9 and
12 wt.%) of ZrB2 particulate can be synthesized effectively via
in situ reaction between molten aluminum and the inorganic
salts K2ZrF6 and KBF4.Please cite this article in press as: J. David Raja Selvam, I. Dinaharan, In situ form
behavior of AA7075 aluminum matrix composites, Eng. Sci. Tech., Int. J. (2016 The XRD patterns revealed the formation of ZrB2 particulates in
the composite. The absence of Al3Zr and AlB2 peaks confirmed
that the reaction was complete.
 The microstructure of the composites showed a fairly homoge-
neous dispersion of ZrB2 particulates. The dispersion was
observed to be intergranular in nature.
 EBSD maps of the composites indicated that the in situ formed
ZrB2 particulates refined the grains of the aluminum matrix
extensively. The relationship between grain size and ZrB2 par-
ticulate content was not linear due to variation in particle size
and reaction rate.
 The size of the ZrB2 particulates was in the order of nano, sub
micron and micron level. The ZrB2 particulates exhibited vari-
ous morphologies including spherical, cylindrical and hexago-
nal shapes.
 TEM micrographs revealed the presence of dense dislocation
around the particle as well as in the aluminum matrix. The
interface between the aluminum matrix and the ZrB2 particu-
late was plain and clear without the presence of any reaction
products. The interfacial bonding was good.
 The formation of in situ ZrB2 particulates improved the mechan-
ical properties such as hardness and the ultimate tensile
strength. The elongation of the composite reduced with an
increase in ZrB2 content. The possible strengthening mecha-
nisms were identified. The in situ ZrB2 particulates reduced
the voids on the fracture surface which indicates a loss in the
ductility of the composite.
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